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- ... INTRODUCTION.
In this age of scientifio medioine, when so many new
theories are being advanced and scientists are striving
constantly to devise some more effective means of alleviating
the sufferings of mankind, we must not be too willing to
aocept immediately theories that have not been proven by
experiment to be sucoessful. It is within the last generation
that x-ray(1895) and radium(1898) have been brought forth;
this type of therapy is being employed mo:re and more frequently
in treatment of tumorous growths, riokets, and espeoially
pelvic diseases of women. While x-ray irradiation has been
,

employed for some years, it is still in the experimental
stages, and we should be somewhat skeptiCal as to its
indisoriminate use. We should try our experiments on animals
and determine the relative effects of different strengths or
/

doses, then, from these findings, oalculate hUman doses.
Whether or not one ·organ or tissue or even a life should be
spared at the expense of another (organ, tissue or life) is a
question of ethios, and will not be discussed in this paper.
My purpose is to mention what has been done along this line
by other workers and to bring forth certain conclusions
regarding the effect of x-ray irradiation on the developing
embryo and fetus that I have drawn from my own experiments
on the Vus Norvegious Albinus.
I feel greatly indebted to Dr.

T.T.~ob

my professor of

Anatomy at Loyola University School of )ledic1lae. It . . . . . . . .0
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Suggested this problem and through his assistanoe and guidanoe
the work has prooeededquite smoothly. I wish to express my
gratitude to Dr. Hummond, too, for the help he has given me
in operating the x-ray apparatus and in determining doses.

HISTORY.
Injury to the young oan be brought about in two ways: by
irradiating the reproduotive organs of the parents before
mating, and by exposing the pelvis of a pregnant female to the
influenoe of x-rayj~. Lipsoh~tz(l), in his book, mentions
the opinions of men on the influenoe of x-rayon both the
testiole and ovary. In the

t~sticle

there is a degeneration

of the seminiferous tubules, while the interstitial cells and
cells of B-ertoli are not altered. Sterility can be produced
by x-ray without causing any visible ohanges in the somatic
and psyohical sexual oharacters and without interfering with
sexual activity(Albers-Schonberg, 1903)(2). In the ovary the
ova and follioles are effeoted first. The reaction of the ovary
is inf1uenoed by the biologio state of the organ at the tiMe of
exposure(Robinson)(3). Hooker(4), in his experiments, has
shown that small doses stimUlate sexual development if
applied before sexual maturity, but smaller doses may produce·
temporary sterility if applied after sexual m.turity.
Zaretsky(5) finds that prefertilization ovarian irradiation
delays the onset of pregnancy in rabbits, but is followed by
"""

the produotionof normal young. Dr.Douglas P.1lurphy, .in a
reoent artiole(6), has summed up the results obtained by
numerous workerslion ovarian irradiation before fertilization
and irradiation of the fertilized eggs, using experimental
animals and also some human oases. In oases where fertilized
eggs or pregnant animals were irradiated, gross abnormalities
were observed in more than 60% of the offspring. In about 25%
of the young there was underdevelopment, loss of fertility,
or early dea.th. In between 5% and 10% of the cases of
irradiation there were abortions •. stil1births or weakness.
The injury to the young produced by irradiating

th~

pregnant mother is probably greater than the injury produoed
by preferti11%ation irradiation of animals(6). Aooording to
.

Robinson(3), radioaotive SUbstances exert their strongest
effects upon those cells whose kenetio energy is in the state
of greatest unrest; therefore greater harm

aoor~es

to the

offspring from irradiation during the early stages of
pregnancy than in the later stages. The general effect of
x-ray upon the embryo is to produoe a gradual slowing down
of all the processes of differentiation, leading, when the
dose is of sufficient intensity, to aotual oessation and
death.
As far back as 1903, Bobn(7) observed that radium oaused
deformities and arrest of development in frog embryos. The
fo'1lowing year Gillman and Baetjer (8) subjeoted egg's of
Amblystoma to the influence of roentgen rays and observed

rrthat,
1i>

up to a oertain time, this energy oaused a more rapid

growth, but beyond this period they grew no more or assumed
grotesque shapes. They also observed deformities of the
oooipital region, eyes and limbs of ohioks hatohed from eggs
whioh had been rayed at intervals. In these instanoes the
embryos were exposed to powerful rays.
Baldwin(9) found that by subjeoting fertilized frogs'
ova to a fixed strength of x-ray, he was able to produoe the
same abnormalities in a number of oases--as high as 96% showed
the same abnormal external oonfiguration and struotural
features.
A number of workers have observed some of the same
the offspring of irradiated mothers. Bagg and his
have oarried out numerous experiments on.antmals;
:: orking with Bailey(lO) he found that irradiating pregnant
"

I

&animals resulted in disturbed, arrested, abnormal development
~
~

'with death of embryos, absorption and abortion, stunting growth,
~&taraot,

sterility, lesions of the oentral nervous system,

: and blood vasoular disturbanoes in the embryo. Evidenoe seemed
'to show that the greatest effeot to the offspring resulted
were irradiated early in pregnanoy; this early
lrradiation frequently resulted in death and abortion of the
bryo. Irradiation during late pregnanoy may result in
remature delivery, postnatal growth disturbanoes or death
ithin the first year. The severity of the treatment, as well
• the period of development when irradiation took plaoe,

determines the reaction of fetal tissue. In other experiments.
working with Litt1e(11)(12), Bagg desoribed general head
abnormalities resulting in the absence of all traoes of one
or both eyes, hypertrophy or underdevelopment of the tongue,
reduotion or absence of the lower jaw, reduction in general
body size and vigor. He also observed cataracts and gross eye
abnormalities, deformities -of any or all feet or legs, absence
of cranium or arrested development of the brain, dry,
hemorrhagic lesion over the lumbar region of the spine,
somewhat resembling spina bifida.
Lacassagne and Coutard(13) irradiated rabbits at nearly
full term and noted that the young, treated in utero, died at
or shortly before birth, showing abnormalities. Regaud,.1{ogier
and Lacassagne(14) noted that x-ray exposure led to abortion
in 'dogs. Hippe1 and pagenstecher(15) treated pregnant dogs
with x-ray and produced either cataracts mn the -.yes of the
young or death and abortioncof the embryo.
Hansen(16) noted that females, in the later stages of
pregnancy, when given the proper dose of x-ray, produced
1i tters i"n' which one or more of the young had," serious eye
defects, changes in the shape of the skull, and considerable
retardation in growth in some instances. Nearly all suoh
young proved to be sterile.
Dr. Leroy Burton(l?), former president of the University
of Uichigan, olaims that radiation of oertain animals produces,
in the seoond and third generationsJabnor.malities which are due

to the radiation. He does not mention the effeots, if there
are any, on ,the first generation.•
]{undell(18) called attention to a oase of inoperable
oe,ncer of the oervix, ~re the \'{oman, not l."llown to be pregnant t
was treated with twenty-one hundred and fifty milligram hours
of radium treatment in three treatments on alternate days. As
the case beoame worse, this treatment was r.epeated. Within a
f ew days after this second treatment the woman aborted a three
months' fetus.
Weighed against this evidenoe of the effect of x-ray
irradiation are the results of men who irradiated pregnant
animals which later gave birth to normal offspring. Levine(19)
observed that mioe exposed to a small human erythema :'
dose showed no visible effect, but the period between mating
and the birth of the young was lengthened from three to fortyone days. The young of

t~ese

irradiated mioe showed no defeots

through the sixth generation. liurnburger' s (20) results
oorrespond to those of Levine. He found that the offspring of
irradiated rabbits, mice and guinea pigs were normal; also
the offspring of irradiated mothers were normal. Abortion and
sterility were commonly caused by intense irradiation.
Dr.I.Seth Hirsch(17) believes that small doses of
x-ray have a stimulating effeotupon the ovary and he makes
use of this property in treating;oases of hypofunotion of the
ovary. In about 70% of the oases treated there was a return
of menstruation to normal; there were eight pregnancies with

the birth of healthy, normal children. one patient, not known
to be pregnant, was given this same dose. It was later found
that she was two and one half months pregnant at the time of
treatment. She went to term and gave birth to a normal child,
which was perfectly well at the age of two months.
It must, however, be noted that in the cases where x-ray
irradiation has been employed with no ill effect on the
offspring, the dose was very small. If it can be proved
conclusively that small doses can be employed with no injury
to the mother or young, and yet clear up any existing pathologYt
a great work will have been accomplished.
Packard(21)(22),in numerous experiments, attempted to
measure the quantitative biological effects of x-ray, and
determine whether or not the effect varied if the intensity
or wave-length of the x-ray was increased or deoreased. He
used DrosoPhil;ta eggs and from his results conoluded that the
Inverse Square Law and the Bunson Roscoe Law were applioable.
The results he obtained on the eggs he exposed to x-ray of
wave-lengths within a certain range, seemed to show that
homogeneous and heterogeneous x-ray beams of equal intenSity
but of different wave-lengths produce the same quantitative
biological effects on DrosoPhil;ia eggs.

-
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From this we might deduct that different types of
abnormalities might be produced by varying the strength of
x-ray. In very few of the papers quoted is any mention made
of the dose of x-ray used; this, I believe, is a very important
factor •.Vlhether the dose is given in one treatment or over
a period of days .• j..S also important data, sinoe in the latter
oase there. is an aooumulative effeot. The exaot time;of .. ."
pregnancy at whioh treatment was given is also fundamental.
Mention has been made to the effeot that in early pregnancy a
greater injury is produoed in the young in utero, than in
later pregnancy, beoause of the greater degree of
differentiation going on in the embryonio tissue. It takes a
stronger dose of x-ray to produoe any Visible defeots in a
nearly full term fetus. If it oan be proven that a dose of
x-ray up to a oertain strength can be given with no harm to
the mother or young, during a oertain period of pregnanoy,
this treatment might be employed to advantage.
Beoause of the oomplexity of the problem and the scope
.that it might include, I have limited my work to a single
,hase, from which numerous side-chain experiments might well

~e carried out. It ha·s been my purpose to determine by
>{

~periments

a dose of x-ray that will produce some ohange

rrom the normal in the; offspring of mothers irradiated during

.~~~ fifth to the ninth day of pregnanoy, these days taken
~bitrarilY. Having determined this doee, rats during

different stages of pregnancy, from one day up to full term,
have been subjected to this fixed dose. From this. I believe,
can be determined the period at which the greatest destruction
is produced in the fetus.

][.ATERIAL and METHOD.
The colony from which the animals used in these
experiments were taken was started from matings from the Wistar
colony. During the four years that this colony has been under
observation, about three thousand animals have been raised,
and no defects or gross abnonnalities have been noted. Eaoh
~ating

was kept in a separate cage. The males and females from

different parents were mated; matings were made between animals
of about the same age. The experimental and stook animals
were kept under exaotly the same conditions--same room, type
f

of cages, food and hygf3nio conditions._ .
The animals used in the eXperiments were mated and gave
~irth

to a normal litter before being treated. This was done

to show that their young were nonnal, that the mated animals
~ere

~he

not sterile and also to learn the time of insemination.
experimental insemination was assumed to take plaoe within

twenty-four hours after the first litter was born. From this,
the period of pregnanoy was determined and also the date at
which a litter was due, taking twenty-two days as the average
3estation period. In most oases the animals were irradiated

to the delivery of the second litter (which, aocording
Donaldsonfs rat book, is the largest litter).
In raying the animals several methods were tried. It
first attempted to hold the animals, ventral surfaoe up,
d radiate only the abdominal region. This proved
satisfaotory, as the animals could not be held quiet long
nough to be treated. A -second method was tried; the animals
a covered box and the whole dorsal surface

wa~

The third and probably most satisfaotory method
as to anesthetize the animals and tie them on a board,
entral surface up, keeping them under light anesthesia during
:1.

the radiation. It was decided to use this method in the
periments. !t is doubtful whether this method brings in
other factor to effect the results, as the anesthesia was
light and of about five minutes duration.
Taking as being equivalent to one skin unit M.E.M •.F.
kilovolts, with a current of 6 milliamperes, and a skin
15 inches operating for a period of 300 seconds,
were given various doses, till a definite dose of
80 skin units was decided upon. No filter was used, and the
ark gap was

5t

inches. 'f'his dose of

~80

skin units was given

n one treatment in order not to complicate the problem more
an was necessary.

'"-,...------------------------------,
RESULTS.
Report on Animals Given Various Doses.
:Dose of:
:
: x-ray; :Days :
Mating: S.U. :Preg.: Report on Litter Born after Irradiation"
--:
:
:
•
•• .22 • 7 :One animal, a female, grew weak and died
fat 28 days with no apparent outside cause.
••
••
••
:
:A mal~ had one eye closed from birth. The
:
:rest~of the litter appeared normal in size
:
••
:
land activity up to the time they were
:
:disposed ef"at 35 days.
••
-

••

3x

••
••

.43

:
••
••
:

:

:
:
:
:

:
:
:
:

.84

:
:
:

lOx

••
••

:

·

5

:
:
:

:

·••

:
:

·•••

••

7x

:
••
:
:

:
:
:
••
:

•
:
:

••

6

••

:Litter of seven apparently born dead as
:the plaoenta was still attached to three
:of the young a.nd none of them had been
:cleaned.
:
:

6

•

:
••
:
:

:Litter three or four days late; delay may
:have been due to mother nursing a litter
:at time of delivery. All the young died
lor were killed by mother when only six
:days old. They had appeared as large and
las aotive as normal young of the same age.
I

:

: 1.15

·9

••
••

:
:
:
••
:
:

females~

: One male. showed a striking skull defeot-:a blunt, bullet-shaped skull. This animal
:was greatly underweight. At 31 days, just
:before it died, it weighed 19.3g. while
:another male of the same litter weighed
:54.6g.; a male from a oontrol litter one
: day younger weighed 65.lg. The. rest. of the
:litter appeared normal up to the time they
:were disposed of at 31 days.
:

I

.95

:A litter of seven males and two

:
••
:

:Litter four or five days late. When
:examined at 16 days they were normal in
:weight. One was blind in both eyes from
:birth, The tip of the nose of eaoh an~al
:was bloody; possibly a bleeding of the
:nasal muoous membrane. At 31 days they
:were weighed again and found to be
:underweight aooording to the normal
:averages in Donaldson's rat book. The

-

.....

Report on Animals Given Various Doses (cont.}.
:
:Dose of:
: x-ray; :Days :
Report on Litter Born after Irradia:tioll.
Mating: S.U. :Preg.
:
••
:
:
:

5x

••
••
••

6X

••
••

••
••
••
••
••

,·
••

••

••
••

••
••
:

:
:
:
:
:
:
:
:
:
:
••
:
1.47:
:

animals appeared weak and more shaggy than
the normal stock animals. Between the ages
of 38 and 45 days the whole litter, except
one female which is still alive and seems
normal in every respect at 90 days, died.
:One at a time their eyes became inflrumfied,
land they gre~ weak and inactive. At
:autopsy only slight traces of a thymus
:could be found.
••

:

7

·•:

••

:
••

1.57:

:
••
:
:
:
:
:
••
:
:
••

:Litter apparently normal at birth. One at
:a time they died or were killed, the last
lone dying at 16 days. They were never
: examined closely for defects. .. . .......

7

••

:Litter of sayen males and two females. Up
Ito 25 days they appeared healthy and
:active, however one female was very maall
:compared ~o ~he others of the litter. At
:30 days they were weighed and found to be
:10 to 15 grams underweight. The whole
slitter died between 29 and 38 days after
:birth. One at a time they grew weak, their
seyes filled with an exudate and closed.
:They looked a.nemia. Three of the animals
:exhibited a nervous phenomenon appearing
:somewhat like tetanus.
:

-

,

Report on Animals Given a Definite Dose of .80 Skin Units
During Different Periods of PreKnanoy. . . . ...
,:Days •
Report on Litter Born after Irradiation.
~ating:Preg. :

~

"'

4

0

<

-

19x
39x

••

:
••
:
••

1
1

0
0

•
0

••

:No litter and no sign of pregnanoy.

:Litter of three males and two females. At this
:time they are 26 days old and appear as healthy
land aotive as normal rats of the same age.
...

:
•

2

:Litter died or were killed and eaten by mother
:soon after birth.
.
••

20x

3

32X

3

0

l8x

·

34X

••

4
4

0

8x

•
••
••

••
••
••

5

·•••
••
••
••

,

I

24x

••

·••

l4x

~,

"

k..

:L

••
••

·•••

:Ifo litter and no sign of pregnanoy.
I
••

INo litter and no sign of pregnanoy.

••
:

:Litter of six born. When examined at 24 days there
:were only five, all females. At this time they
:were about five grams under the normal average
Iweight. Up to the time they were 33 days ol.d they
:all appeared healthy and aotive. The whole litter
:died a day or two apart between the ages of 35
land 51 days. Their eyes beoame inflammed and their
:fur shaggy just before they died.
••

6

:
:No litter and no sign of pregnanoy.

:
••

:

0

"

..

:Litter of three males and one female. At this time
:they are 28 days old ahd appear as healthy and
:aotive as normal young of the same age.

:No litter and no sign of pregnanoy.

0

•
•

..

:
••

5

0

l7x

I
INo litter and no sign of pregnanoy.

:

••

~'.

,

.

0

•

..

0

0

•
••
•
:

•

0

•

2lX

•

•
:

0

•
:

~

6

:Litter died or were killed and eaten by mother
:soon after birth.

:
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Report on Animals Given a Definite Dose of .80 Skin Units .
DurinE_Different Periods of Pregnanc;z..
:Days •
Uating:Preg. :
Report on Litter Born after Irradiation.

-

19x
39x

·•:

I

••
•-

a I

••
••

--•
-

21X

:

20X

••
••
••
••
••
•

32X

-•

-•

18x
34x
8x

••

·•••
·•••
••
••
••

2

24x
17x
14x

·••
••
••
••

L

••
•

-

••

:lfo litter and no sign of pregnancy_

-

•
-:Litter

of three males and two females. At this
: time they are 26 days old and appear as healthy
land active as normal rats of the same age.
••

:Litter died or were killed and eaten by mother
:soon after birth.
••

3

-•:No
••

3

litter and no sign of pregnancy.

••

:Litter of three males and one female. At this time
:they are 28 days old ahd appear as healthy and
:active as normal young of the same age.
••
••

4

:Ifo litter and no sign of pregnancy.

4

:Iro litter and no sign of pregnancy.

5

··-•••
••
••
:
••
•

,

••

•
••

-•••
-•
:

.

•••

••
••

:Litter of six born. V!hen examined at 24 days there
:were only five, all females. At this time they
:were about five grams under the normal average
:weight. Up to the time they were 33 days old they
:all appeared healthy and active. The whole litter
:ciied a day or two apart between the ages of 35
land 51 days. Their eyes became inflammed and their
:fur shaggy just before they died.
••

5
6
6

••
:No litter and no sign of pregnancy.

••
••

:No litter and no sign of pregnancy.

••
:

:Litter died or were killed and eaten by mother
:soon after birth.
:

-15Report on Animals Given a Definite Dose of .80 Skin Units
During Different Periods of Pregnancj[ (cont.l.
:Days :
]:fating:Preg.:
Re~ort on Litter Borp after Irradiation.
37x

••
••
••

9

:

llx

••
:
••
:
•
••

·

:
:

: 10

:Female was probably inseminated at an off period,
las she delivered the day following irradiation.
:Between the ages of 13 and 19 days the whole litter
:of seven died. The last three were weighed just
:before they died and found to be underweight.
:These three were posted and only traces of a thymus
:could be found.

·
•
••
:

:
•

·
23x

••
: 10

:
•

3lx

26x

••

:

:Litter died or were killed and eaten by mother
:soon after birth.
~

: 10

••
~itter died or were killed and eaten by mother

•

~oon

•

: 11
:

·
·•••

11

••

30x

.

••

.•••
Ix

••

:There was no litter delivered, but animal looked
:a little large. Four days after the liter was due
:she appeared smaller and there was blood around
:the external genetalia. This may have been a
:delayed menstral period, or possible she had
:expelled the partly resorbed fetuses and eaten
: them before seen. --

•• 13
••

••

·•••
••
••

after birth.

A litter of five females and one:~male born the day
after irradiation; the female was probably
inseminated at an off period. The male died at 52
days, while the females are apparently normal in
.every respect now at 90 days.

:
••

:Litter two or three days later than expected. At
:this time the young are two weeks old and seem
:normal in every respect.
This female died six days after she was rayed. At
autopsy the uterus appeared engorged with blood
and small black spots indioated that she had been
pregnant and the fetuses were undergoing
:resorption. The lumbar lymphnodes were pigmented.
:The spleen seemed small.

••
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Report on Animals Given a Definite Dose of .80 Skin Units
During Different Periods of Pregnanoy (oont,).
:Days ••
1!ating:PreA. :
Report on Litter Born after Irradiation.
4x

••
•• 14
••
••

:
••

l2X

••
••
••
•• 15
••
•
••
••
• 17
••
•
••
•• 18
••
••

22x

:No litter was born although female looked pregnant
land seemed to grow mnaller following irradiation.
:A week after litter was due the animal was killed
land the ovaries and uterus were removed for
:seotioning. Grossly these organs were engorged
:with blood.

••
:

:The young died or were killed soon after birth.
:'rhree of the young had bubbles under the skin of
:the abdomen, but otherwise they appeared normal.

·

l5x

••

••

a
:Litter died or were killed and eaten by mother
:soon after birth.

·
·

••
••

:Litter died or were killed and eaten by mother
:soon after birth.

••

Chart Showing the Results Obtained from Eaoh
Female Given • 80 Skin Units •
Days
Pregnant

1

2

·

3

5

4

·

6

7

· N:

K:

••

••

••

••

••
•• : •
••
•
•• Ii: K: N: K: L:
••
•• •• •• •• ••
•• L: H: H:
•• La
:
•• •• :
••
••
••
•• • ••
•• :

:

••

K: H:
H: N:

9 10 11 12 13 14 15 16 17 18
•• •• : •• •• •• •• •• •• ••
H: N: L: La •• N: H: K: •• K: K:
•• •• •• •• •• •• : •• :
•• ••
H: N: K: L: •• •• : •• : •• ••
•• a
••
•• •• •• •• •• •• •• :
N: •• K: •• •• •• : : : •• ••

8

••

N--no litter
K--litter born, but killed soon after birth
L--litter born and lived long enough to be reported
upon

DISCUSSIon.
At times results are difficult to interpret because the
det~ree

of susceptibility differs in animals as in human beings.

Because of the variation in individual resistance numerous
experiments must be carried out before any definite conclusions
may be logically drawn. The results obtained to date are far
too limited to show what was originally planned in this
problem, but some very definite results have been obtained
which, I believe, are some'lIThat different from those reported
in the literature surveyed. This perhaps is due to the dose of
x-ray to which these animals have , been exposed. From what has.
been done it seems evident that irradiation of the pregnant
animals has a very definite effect on the litter born after
the treatment.
As was mentioned above, the animals were assumed to have
been inseminated within twenty-four hours after the delivery
of a litter; this might not always have been the case. ThereforE
in the case of the animals which were irradiated and bore no
litters, there are two possible explanations: either the
animals were not inseminated or the embryos were killed by the
irradiation and resorbed. It is possible that there was a
resorption, since the animals which bore no litters after
irradiation were treated during or before the ninth day of
pregnancy, when the tissue is more subject to its environment
because it is actively differentiating. That there were
resorptions in at least some of the cases cannot be denied, as

a few of the females were opened at the time the litter was due
or within the following week. In these cases the resorption
seems to be more rapid or starts first in the ovarian end of
the horn of the uterus. In favor of the former contention that
the animals were not pregnant at the time of irradiation is
the fact that some of the females irra.diated in this early
stage of pregnancy gave birth to a litter. This, however, may
be explained by the differences in individual resistance.
Apparently the size of the dose of x-ray determines the
injury done to the embryo or fetus, and the results obtained
s6 far indicate that the dose oft .80 skin units used in these
experiments is too strong to have a sufficiently high percentace of young live to study more specifically the effect of
irradiation. This dose of .80 skin units seems to have the
maximum effect .. Doses under or over this amount, while resulting in different anatomical effects, do permit living young
at birth. Out of thirty rayings at .80 skin units, only two
litters survived parturition. Two other litters that lived
long enough to be studied were not logically in this group.
','Ii th the dose used, however t

there seems to be a difference

in results obtained on the animals irradiated during or
previous to the ninth day of pregnancy and those treated
during the tenth day of pregnancy or later. In the former
group there were twenty animals irradiated; of these, seven
delivered and thirteen did not have litters. Of the seven
litters born, four died or were eaten soon after birth. Of the

ten animals treated after the ninth day, only two did not
deliver and of these, one female died before due to deliver
and showed a resorption. The evidence of a resorption in the
other case was not conclusive.
An important fact, draillJ'n from limited experience to be
sure, is that the living young did not show abnormalities at
birth. In the cases of two animals the one eye of one and both
eyes of the other remained closed from birth. The average age
for the appearance of defects w'as about forty days postnatal,
an age when translated into human years corresponds to the
prepuperal period. This suggests'the need of reserve in
interpreting the effect of x-ray, administered during gestation,
on human young at birth. The defect in the animal with the
deformed skull ',vas not noticed till the animal was past two
Iweeks old. In some cases as the animals grew' older a
difference in size could be noted in members of the same litter;
this difference in size was quite marked in some litters. All
the young weighed from time to time were underweight. The more
striking effect of the irradiation was noted when whole litters
~ied, one at a t'ime, within a week or ten days in most cases.
~he first indication that the x-ray was having its effect

appeared in different litters at different periods after birth,
but all the young seemed to die in the same manner. The eyelids
became inflammed and an exudate collected; they closed as the
animal gradually grew weaker. In most cases the noses of the
animals were bloody before death and they appeared anemic.
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~or

this reason a blood smear was made on one of the animals

just before it died. It showed nothing pathological about the
white cells, but they were few in number, suggesting a
leucopenia; no whi te count was made.

l~urphy,

in his summary

of literature, quoting Hinrichs, says that the effect of x-ray
is more pronounced in systems ',vhere development is most
precocious, such as the nervous system and the vascular system.
If the organs of these· animals were examined microscopically
it may be found that death was caused by a combination of

effects.
Although not bearing directly on the problem, some of
.the irradiated females were allow'ed to have a second and even
, third litter with no further irradiation. The results
indicate that the dose of .80 skin units does not produce
c.

even a temporary sterility, as the animals have litters at
: heir next period. In one case the second litter after the
:\reatment was eight days late, however. The litters obtained
,0 far are all small, usually three or four. The young were

, derweight, more noticable usually in one or two of each
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COlwr;usrm:rs.
A dose of .80 skin units has a very definite effect

on the young born of female rats given this dose during
regnancy.
From the experiments perfonned it seems that a d.ose of
.80 skin units cives the maximum effect; a dose under or over

his

a~ountt

while resulting in different anatomical effects,

floes perrni t of living young at birth.
The results obtained to date indicate that the dose of
.80 skin units of x-ray used has its greatest effect on the

oung ':Ihen the mother is irradiated during or previous to
ninth day of pregnancy.
The injurious effects, namely, bleeding of the nasal
membrane, inflammed eyes, collection of an eXUdate in
e eyes, shaggy fur, underweight. inactivity and anemic
ppearance, did not show up at birth, but appeared on an
of forty days postnatal.
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